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Background: Psychosocial stress has been hypothesized to impact renal changes,
but this hypothesis has not been adequately tested. The aim of this study was to
examine the relationship between psychosocial stress and estimated glomerular
ﬁltration rate (eGFR) and to examine other predictors of eGFR changes among
persons with diabetes mellitus (DM).
Methods: Data from a survey conducted in 2005 by a major health maintenance
organization located in the southeastern part of the United States, linked to patients’
clinical and pharmacy records (n¼575) from 2005 to 2008, was used. Study participants
were working adults aged 25–59 years, diagnosed with DM but without advanced
microvascular or macrovascular complications. eGFR was estimated using the Modiﬁca-
tion of Diet in Renal Disease equation. A latent psychosocial stress variable was created
from ﬁve psychosocial stress subscales. Using a growth factor model in a structural
equation framework, we estimated the association between psychosocial stress and
eGFR while controlling for important covariates.
Results: The psychosocial stress variable was not directly associated with eGFR in the
ﬁnal model. Factors found to be associated with changes in eGFR were age, race, insulin
use, and mean arterial pressure.
Conclusion: Among fairly healthy DM patients, we did not ﬁnd any evidence of a direct
association between psychosocial stress and eGFR changes after controlling for
important covariates. Predictors of eGFR change in our population included age, race,
insulin use, and mean arterial pressure.
Copyright & 2015. The Korean Society of Nephrology. Published by Elsevier. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).15. The Korean Society of Nep
.org/licenses/by-nc-nd/4.0/).
iology and Biostatistics,
ity, 1 Park Place, Atlanta,
).Introduction
Reduced renal function, which may progress to diabetic
nephropathy (DN), is a major cause of mortality among diabetes
mellitus (DM) patients [1,2]. An earlier study has demonstrated
that mortality rate among type 1 DM patients without kidney
disease approaches individuals free of the condition [3]. With an
estimated quarter to a third of individuals with DM likely tohrology. Published by Elsevier. This is an open access article under the
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renal decline to minimize their occurrence and ultimately, reduce
chronic kidney disease among individuals with DM.
Among DM patients, tight glycemic control decreases the risk
of decline of renal function and slows the progression of DN [7,8].
However, some DM patients with poor glycemic control never
develop DN, whereas some with good glycemic control progress
to DN [5]. Such occurrence indicates that factors other than
glycemic control may be important for decline of renal function
and subsequent progression to DN. One obvious candidate has
been genetic factors because there is a strong familial risk for DN;
however, there has been limited success in identifying speciﬁc
genes that account for such predisposition among large DM
population [9,10]. Other traditional risk factors inﬂuencing the
initiation, sustenance, and progression of DN include high blood
pressure and smoking [11–13]. For instance, hypertension is
estimated to be present in 80% of patients with kidney diseases
[14]. However, the variability in the onset and progression of DN
has not been fully explained as a function of the group differences
in the aforementioned traditional risk factors alone [5]. Some
nontraditional risk factors proposed to inﬂuence the renal decline
in the general population include psychosocial stress, oxidative
stress, advanced glycation end-products, and activation of protein
kinase C [15–17]. The relationship between psychosocial stress
and decline of renal function among DM patients has not been
adequately investigated, which is the reason for the current study.
Psychosocial stress has been suspected as a potential factor in
decline of renal function because of its established relationship
with glycemic control, hypertension, and smoking [18–21].
Another proposed link between psychosocial stress and decline
of renal function is through the increased engagement in beha-
viors that increase the risk of renal damage such as alcohol abuse,
smoking, and drug abuse [15,22–24]. Although higher levels of
psychosocial stress have been associated with overall poor health,
high blood pressure, poor glycemic control, and smoking [18,25–
29], the direct association between psychosocial stress and
decline in renal function has not been adequately examined.
The primary aim of the present study was therefore to
examine the direct relationship between psychosocial stress
and renal function over time among individuals with DM.
Although factors including glycemic control, blood pressure,
smoking, and other sociodemographic factors have been
associated with decline of renal function, the course of
estimated glomerular ﬁltration rate (eGFR) among DM
patients can be complex and heterogeneous and may be
affected by multiple factors including existing comorbid
conditions [30]. For instance, albuminuria was identiﬁed as
the strongest predictor of eGFR decline among Caucasians
with DM [31], whereas among Japanese with DM, higher
glycemic levels were the strongest predictor [32]. Owing to
the variability in eGFR trajectory among different popula-
tions, our secondary study aim was to explore other docu-
mented predictors of decline of renal function among our
unique study population.
Methods
Study population
We used data from a survey conducted in 2005 by a major
health management organization (HMO) in the southeastern
part of the United States that collected information on health
and healthy behaviors. Study participants were working adultswho, at the time of the survey in 2005, met the following
inclusion criteria: (1) age 25–59 years; (2) employed by one of
the 100 largest private or public employer groups offering the
HMO as an insurance option; (3) enrolled in the HMO;
(4) subscriber within the enrolled family; and (5) diagnosed
with DM but without any of the following complications from
diabetes—microalbuminuria or macroalbuminuria, overt pro-
teinuria, retinopathy, nephropathy, and/or neuropathy.
Only individuals who reported their race as African American
(black) or Caucasian (white) were included in the present study
because other racial/ethnic groups represented a very small
proportion of the HMO enrollees. The Institutional Review Board
of the HMO reviewed and approved the study protocol.
Data and measures
The survey instrument included items and scales that had
previously been used in other studies and which had demon-
strated reliability and validity [33,34]. The survey was con-
ducted once during 2005. Participants' 4-year clinical and
pharmacy records from 2005 to 2008 were linked to their
2005 survey data.
Dependent variable
The main dependent variable was eGFR. Using the serum
creatinine, the annual eGFR was estimated using the Modiﬁca-
tion of Diet in Renal Diseases equation [35].
eGFR¼ 186 SCr1:154  Age0:203  ½1:210 if black
½0:742 if f emale ð1Þ
Main independent variable
The main independent variable was psychosocial stress,
assessed from social settings (family and friends) and the work
environment. Social stress was assessed by two 4-item subscales:
one reﬂecting friend/family support and the other measuring
friend/family strain. The instrument was adapted from the Midlife
in the United States (MIDUS) study [33]. The MIDUS study scales
for family and friends are identical except for the reference (e.g.,
“How much do members of your family really care about you?”
and “How much do your friends really care about you?”); there-
fore, we combined the references to create a single measure of
social climate (e.g., “How much do your friends and family
members really care about you?”). Each subscale was averaged
and scaled from 0 (most strained, least supportive) to 100 (least
strained, most supportive). The work-related psychosocial stress
was assessed using the following four subscales from the MIDUS
study [33]: work decision authority (6 items), job demands (5
items), coworker support (2 items), and supervisor support (3
items). Each itemwas assessed using a 5-response Likert scale: “all
of the time,” “most of the time,” “sometimes,” “rarely,” and
“never.” Each subscale was averaged and scaled from 0 (most
strained, least supportive) to 100 (least strained, most supportive)
by transforming each item response from 0 to 100 (and reverse
coding where necessary).
Health-related covariates
Glycemic control was assessed using hemoglobin A1c
(HbA1c) measures from participants' laboratory results from
2005 through 2008. Data on height, weight, systolic blood
pressure, and diastolic blood pressure were obtained from
medical records associated with participants' primary care
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index. Systolic and diastolic blood pressures were used to
compute mean arterial pressure (MAP). A binary variable was
created to indicate insulin use versus insulin nonuse. For
individuals using oral hypoglycemic agents (OH), we estimated
and included the proportion of days in 2005 with OH coverage.
Other sociodemographic measures
Participants' age (ranging between 25 years and 59 years) and
sex (male¼0 and female¼1) were assessed from the HMO's
computerized data. Race/ethnicity (black¼0 and white¼1), level
of formal education (high school education or less¼0, some
college¼1, college graduate¼2, and postgraduate¼3), and mar-
ital status (married¼0 and not married¼1) were assessed from
the survey. Individual-level income information was generally
not available and was not included in this study as a covariate.
Instead, we used the neighborhood-based socioeconomic status,
a validated census track-level scale comprised of seven measures
from the US Census as described by Roblin [34].
Statistical analysis
The percent missing on covariates ranged between 0% and
41%, and the percent pairwise coverage for the covariates
ranged between 0.39 and 1.00. The percent missing for the
stress indicators ranged between 0.5% and 1.6% with covar-
iance coverage ranging between 0.98 and 1.00. For eGFR
measures, 49% had a measure on all four waves, whereas
91% had a measure on at least two waves. To address the
missing values on exogenous predictors, we performed multi-
ple imputations (10 times) in SAS for the measurement and
the growth models. Descriptive statistics was performed inPsychosocial
stress
Age, sex, education,
BMI, smoke, MAP,
Med coverage,
insulin use
‡Coworker
§Supervisor
Demand
¶Decision
Social
Figure 1. Graphical representation of the ﬁnal growth model.
* A1c05–A1c08: Glycosylated hemoglobin measure from 2005 to 2008, resp
† eGFR5–eGFR8: estimated glomerular ﬁltration rate from 2005 to 2008, res
‡ Coworker support.
§ Supervisor support.
‖ Job demand.
¶ Work decision authority.
A1c, glycosylated hemoglobin; BMI, body mass index; eGFR, estimated glom
hypoglycemic agents coverage during 2005.SAS software, version 9.3 (SAS Institute Inc., Cary, NC, USA)
[36], while all the other analyses were performed in
Mplus statistical software, version 6.1 (Muthén & Muthén,
Los Angeles, CA, USA) [37]. Latent psychosocial stress variable
was speciﬁed using conﬁrmatory factor analysis (CFA) by
loading the stress subscales on the latent stress variable
(Fig. 1). Bivariate regression analysis was performed between
the latent psychosocial stress and selected covariates including
age, race, insulin use, and MAP. An unconditional growth
model was ﬁt to the four eGFR waves. Without a priori
hypothesis about the functional form of the relationship
between psychosocial stress and eGFR over time, stress was
speciﬁed with direct effects on the repeated measures to allow
for the greatest ﬂexibility to obtain a time-varying effect
estimates in the ﬁnal growth model (Fig. 1). We controlled
for HbA1c measures, sociodemographic variables (sex, age,
race, education, neighborhood-based socioeconomic status),
smoking, body mass index, insulin use, medication coverage
(proportion of days covered by OH), and MAP. Study partici-
pants were grouped into two—those who experienced decline
in eGFR and those who did not and subgroup analysis was
performed for the two groups. The robust maximum like-
lihood estimator was used. All statistical signiﬁcance was
determined at a two-sided alpha level of 0.05.Results
Descriptive statistics
The study included 575 participants with the mean age of
49.6 7 6.9 years. As indicated by Table 1, slightly higher*A1c05
†eGFR5
1 1 1 1 0 1 2 3
Slope
eGFR
Intercept
eGFR
†eGFR6 †eGFR7 †eGFR8
*A1c06 *A1c07 *A1c08
ectively.
pectively.
erular ﬁltration rate; MAP, mean arterial pressure; Med Coverage, oral
Table 2. Health status–related characteristics of study sample
Variable Mean (SD)
Stress subscales (2005)
Decision latitude 58.5 (24.4)
Work demands 47.1 (18.6)
Coworker support 60.3 (21.8)
Supervisor support 62.5 (24.1)
Social stress 66.0 (17.8)
eGFR
Year 2005 83.2 (21.3)
Year 2006 82.5 (25.2)
Year 2007 81.8 (22.0)
Year 2008 82.3 (23.3)
HbA1c
Year 2005 8.1 (1.8)
Year 2006 8.0 (1.9)
Year 2007 7.9 (1.7)
Year 2008 8.0 (1.7)
BMI (2005) 34.3 (7.3)
MAP (2005) 114.3 (13.5)
Proportion of days covered by oral agents in 2005 0.79 (0.3)
BMI, body mass index; eGFR, estimated glomerular ﬁltration rate;
HbA1c, hemoglobin A1c; MAP, mean arterial pressure; SD, standard
deviation.
Table 3. Estimates from the CFAn and the unconditional growth
models†
Estimate SE P Standardized
estimate
Stress subscale
Supervisor support 1.00 0.00 NA 0.81
Coworker support 0.79 0.09 <0.001 0.71
Decision latitude 0.55 0.08 <0.001 0.44
Work demand 0.11 0.05 0.046 0.11
Social stress 0.26 0.06 <0.001 0.29
Table 1. Selected characteristics of the study sample
Demographic variable (n¼575) % (n)
Age (y), 2005 49.6 (6.9)n
Sex
Male 40.7 (234)
Female 59.3 (341)
Race
White 45.9 (264)
Black 54.1 (311)
Education
Less than HS 5.0 (29)
HS grad 19.1 (110)
Some college 36.4 (209)
College grad 39.5 (227)
Marital status
Married 59.5 (342)
Not married 40.5 (233)
Current smokers
Yes 15.8
No 84.2
n Mean and standard deviation.
Grad, graduate; HS, high school.
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Individuals included in the study were highly educated, and
the majority was married. The prevalence of current smoking
was 16%. The mean eGFR at baseline was 83.2 mL/min/1.73 m2
(standard deviation¼21.3), whereas the mean psychosocial
stress for the subscales ranged between 47.1 and 66.0 (Table 2).
Approximately 30% (173) of the participants experienced a
decline in eGFR, whereas the remaining 70% (402) had their
eGFR remain the same or improved during the study period. In
the bivariate analysis, other than age, none of the other
variables (MAP, race, and insulin use) was signiﬁcantly asso-
ciated with psychosocial stress.Residual variances
Supervisor support 203.91 44.35 <0.001 0.35
Coworker support 239.39 26.47 <0.001 0.50
Decision latitude 479.12 33.85 <0.001 0.81
Work demand 340.04 17.71 <0.001 0.99
Social stress 270.85 19.06 <0.001 0.92
eGFR intercept factor
Mean 82.62 0.88 <0.001 4.351
Variance 360.77 4.34 <0.001 1.00
eGFR slope factor
Mean 0.88 0.30 0.003 0.28
Variance 10.49 4.34 0.016 1.00
Intercept/slope
covariance
2.63 8.29 0.751 0.05
n Mean ﬁt indices for CFA model: χ2 P40.001; RMSEA 0.072 (90%
CI¼0.041–0.107); CFI¼0.951; TLI¼0.902; and SRMR¼0.037. † Mean ﬁt
indices for unconditional growth model: χ2 P40.001; RMSEA¼0.058
(90% CI¼0.061–0.094); CFI¼0.938; TLI¼0.926; SRMR¼0.037.The measurement and the growth models
Measurement model
Using supervisor support to scale the factors, the unstan-
dardized factor loadings ranged between 0.106 and 0.787
(Table 3). The mean ﬁt indices for the CFA were as follows:
χ2 Po0.001, root mean square error of approximation
(RMSEA)¼0.072 [90% conﬁdence interval (CI)¼0.041–0.107],
comparative ﬁt index (CFI)¼0.951, Tucker Lewis index (TLI)¼
0.902, and standardized root mean square residual (SRMR)¼
0.037. The mean factor score determinacy coefﬁcient was
0.873, with values ranging between 0.869 and 0.878. The
mean standardized residual variances of the stress subscales
were all signiﬁcant, with values ranging between 0.35 (super-
visor support) and 0.99 (work demand; Table 3).CFA, conﬁrmatory factor analysis; CFI, comparative ﬁt index; CI, con-
ﬁdence interval; eGFR, estimated glomerular ﬁltration rate; RMSEA, root
mean square error of approximation; SE, standard error; SRMR, stan-
dardized root mean square residual; TLI, Tucker Lewis index.Structural model
The baseline model estimated an intercept parameter with
time centered at 2005 (baseline) and a slope parameter that
represented the mean annual rate of eGFR change during the
study period. The model ﬁt was adequate: χ2 P40.001,
RMSEA¼0.058 (90% CI¼0.061–0.094), CFI¼0.94, TLI¼0.926,
and SRMR¼0.037. Signiﬁcant variance existed in the intercept
(σ2¼360.77, Po0.001) and the slope (σ2¼10.49, Po0.016)
parameters. The mean intercept was 82.62, whereas the mean
slope was 0.88 (P¼0.003). Table 3 contains both the unstan-
dardized and the standardized estimates of the CFA model.The ﬁt for the ﬁnal conditional model to estimate the direct
association between psychosocial stress and eGFR was ade-
quate: χ2 P40.001, RMSEA¼0.048 (90% CI¼0.041–0.055),
CFI¼0.916, TLI¼0.893, and SRMR¼0.037. Psychosocial stress
was not directly associated with any of the four measures of
the eGFR. At the study baseline, age, race, MAP, and insulin use
were signiﬁcantly associated with eGFR. Over time, MAP was
Table 4. Covariates in the ﬁnal model
Variable Intercept (P)n SE (I) Slope (P) SE (S)
SES quartile 0.01 (0.994) 1.078 0.27 (0.398) 0.316
Education 1.29 (0.298) 1.242 0.04 (0.902) 0.344
Marital status (0¼NM) 0.91 (0.671) 2.129 0.69 (0.274) 0.63
Smoking 1.03 (0.724) 2.925 1.19 (0.184) 0.897
BMI 0.10 (0.486) 0.138 0.02 (0.592) 0.039
Insulin (0¼nonuse) 6.99 (0.003) 2.326 1.09 (0.127) 0.714
Medication coverage 0.71 (0.871) 4.39 1.28 (0.290) 1.208
MAP 0.24 (0.003) 0.08 –0.10 (<0.001) 0.026
Age 1.22 (<0.001) 0.159 0.02 (0.634) 0.048
Sex (0¼male) 0.66 (0.732) 1.913 0.30 (0.585) 0.545
Race (0¼black) 7.45 (<0.001) 2.088 0.05 (0.933) 0.614
n Mean ﬁt indices: χ2 P40.001; RMSEA¼0.048 (90% CI¼0.041–0.055); CFI¼0.902; TLI¼0.876; and SRMR¼0.037.
BMI, body mass index; CFI, comparative ﬁt index; CI, conﬁdence interval; NM, not married; MAP, mean arterial pressure; RMSEA, root mean square
error of approximation; SE (I), standard error of the intercept; SE (S), standard error of the slope; SES, socioeconomic status; SRMR, standardized root
mean square residual; TLI, Tucker Lewis index.
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the ﬁnal growth model. For the subgroup analysis, we did not
observe signiﬁcant association between psychosocial stress
and eGFR among any of the two subgroups. However, among
those whose eGFR values declined, the relationship was
marginally signiﬁcant (β¼0.161, P¼0.053) at study baseline.Discussion
Changes in renal function have been associated with an
increased risk of mortality [38,39]. Variability exists in changes
in eGFR and may reﬂect in the variation in the onset and
progression of DN [40]. In the present study, we examined the
direct association between changes in eGFR and psychosocial
stress. We also examined other documented predictors of
eGFR decline among this study population.
Our primary hypothesis that psychosocial stress would be
associated with eGFR was not supported in the ﬁnal growth
model. We did not observe an evidence of a direct association
between psychosocial stress and eGFR. This null ﬁnding is
consistent with the ﬁndings from the unique study by
Tsurugano et al [41] that did not ﬁnd a direct association between
job stress and chronic kidney diseases (eGFRo60 mL/min/
1.73 m2). A number of reasons may partly explain the null
ﬁnding in the present study. First, psychosocial stress is a
broad concept, spanning multiple facets of life including major
life events, ﬁnancial circumstances, perceived discrimination,
social circumstances, and the work environment [42–44].
The present study included stress from two main sources—
the work environment and social settings in assessing the
psychosocial stress factor. It is therefore possible that the
current measure had underestimated the level of psychosocial
stress in this population. The measure might not have been
comprehensive enough to assess all stressful situations in
individuals that might predispose them to a decline in eGFR.
Second, although our study participants were DM patients,
they were relatively young (mean age of 49.9 years, standard
deviation¼6.9) and healthy without a major microvascular or
macrovascular complications at the time of the study in 2005.
The rate of decline of renal function increases with age with
the greatest decline noted among those aged 50–60 years
[45,46], which formed less than half of our study population.
Therefore, the changes in renal function in this population may
be slow. The 4-year follow-up may be too short to observesigniﬁcant changes in eGFR, although a study with a median
follow-up period of 3.4 years noted signiﬁcant changes in eGFR
that was associated with risk of death [47]. Future studies
should consider a longer follow-up period or use one of the
sensitive markers of eGFR such as albuminuria or proteinuria,
both of which were not available in this study. Third, a major
predictor of decline of renal function among DM patients is
poor glycemic control. Goel and Perkins [48] demonstrated
that higher HbA1c increases eGFR loss. The Diabetes Control
and Complications Trial, the Epidemiology of Diabetes Inter-
vention and Complications study, and a number of other
studies also made similar ﬁndings of the association between
HbA1c and eGFR [7,49–51]. During the 4-year study period,
the mean HbA1c remained consistent with values ranging
between 7.9% and 8.1%. A marginal but signiﬁcant improve-
ment in eGFR was also observed among the study population.
Although unexpected, kidney function can be variable and
may improve over time [52,53]. Finally, the study participants
were in an integrated delivery system of well-established DM
management program and might have received special care to
prevent or slow eGFR decline [54]. Although no signiﬁcant
association was observed between depression and eGFR in the
subgroup analysis, the marginal P value (P¼0.053) observed
among those who experienced decline in eGFR warrants
further research. With only 173 individuals within this cate-
gory, future studies with larger sample size should further
explore this association.
Even though no direct association was observed between
psychosocial stress and changes in eGFR, some of the study
covariates were signiﬁcantly associated with eGFR in the
expected direction. This observed association validates the
data and identiﬁes factors that are important to changes in
eGFR among the study population, providing information that
could guide prevention efforts, especially for factors that can
be modiﬁed. At baseline, race, age, insulin use, and MAP was
each signiﬁcantly related to eGFR. Blacks had lower eGFR
values compared to their white counterparts. Racial differ-
ences in decline of renal function have been reported, with
blacks experiencing the greatest disparity compared to whites
[55,56]. Increasing age has been associated with eGFR decline
among adults with DM. Use of insulin was associated with
decline in eGFR which is consistent with the literature [30].
Insulin use may be related to having had DM for a long time,
and/or poor glycemic control, particularly, among type 2 DM
patients both factors of which have been associated with
50
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65
70
2005 2006 2007 2008
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Mean MAP Third quartile value of MAP
Figure 2. Changes in the estimated glomerular ﬁltration rate at different values of mean arterial pressure, controlling for other covariates.
* Adjusted for age, sex, race, education, body mass index, smoke, medication coverage, insulin use, psychosocial stress, and glycemic control.
eGFR, estimated glomerular ﬁltration rate; MAP, mean arterial pressure.
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sistent with prior studies, increasing MAP was found to be
associated with eGFR at both study baseline and over time
[60–62]. Some interventional studies have demonstrated that
antihypertensive treatment among DM patients may reduce
the incidence or slow the progression of decline of renal
function [63,64]. As presented in Fig. 2, the effect of MAP on
eGFR trajectory during the study period indicated that not only
were people with higher MAP started with lower eGFR value
but their rate of decline was also faster.
The strengths of the study need to be noted. First, to the
best of our knowledge, this is the ﬁrst study to examine the
direct association between psychosocial stress as a latent
factor and renal function over time among individuals with
DM. The use of CFA in the measurement and quantiﬁcation of
stress is preferred because it explicitly accounts for differential
measurement error related to the different items, thus, yield-
ing a more accurate and precise assessment of the underlying
constructs [65,66]. The use of structural equation modeling
allowed for the utilization of the latent stress variable that was
created at the CFA step. Second, the study controlled for
several covariates that may impact renal function among
individuals with DM including HbA1c level, blood pressure,
smoking, medication coverage, and demographic variables.
The following points, however, need to be considered as study
limitations: (1) our measure of psychosocial stress may be
limited by the inclusion of fewer major sources of psychosocial
stress; (2) we did not have data on albumin, C-reactive protein,
and nutrition information which are important factors in renal
changes; and (3) participants were enrollees of the HMO, and
results may not be generalizable to uninsured patients, those
in other health insurance systems, or patients in other geo-
graphic locations.
In conclusion, in a study of fairly healthy adult DM patients,
we did not ﬁnd a direct association between psychosocial
stress and eGFR. However, predictors of changes in eGFR
included age, race, insulin use, and blood pressure. Interven-
tions to address decline of renal function among DM patients
should address high blood pressure. Considering the inclusion
of limited sources of psychosocial stress in creating the stress
factor and unavailability of other important covariates such as
albumin and C-reactive protein, we recommend that future
studies should address these limitations.Conﬂict of interest
The authors declare that there is no conﬂicts of interest
regarding the publication of this paper.Acknowledgments
Funds to assemble the data for this study were provided
through a National Institute of Diabetes and Digestive and
Kidney Diseases grant (Bethesda, MD, USA; 1R21DK081887)
and a Centers for Disease and Control and Prevention grant
(Atlanta, GA, USA; 1R01CD000033).
References
[1] Jerums G, Panagiotopoulos S, Premaratne E, MacIsaac RJ: Integrat-
ing albuminuria and GFR in the assessment of diabetic nephro-
pathy. Nat Rev Nephrol 5:397–406, 2009
[2] Tseng CH: Mortality and causes of death in a national sample of
diabetic patients in Taiwan. Diabetes Care 27:1605–1609, 2004
[3] Orchard TJ, Secrest AM, Miller RG, Costacou T: In the absence of
renal disease, 20 year mortality risk in type 1 diabetes is com-
parable to that of the general population: a report from the
Pittsburgh Epidemiology of Diabetes Complications Study.
Diabetologia 53:2312–2319, 2010
[4] Tervaert TW, Mooyaart AL, Amann K, Cohen AH, Cook HT,
Drachenberg CB, Ferrario F, Fogo AB, Haas M, de Heer E, Joh K,
Noël LH, Radhakrishnan J, Seshan SV, Bajema IM, Bruijn JA: Renal
Pathology Society: Pathologic classiﬁcation of diabetic nephro-
pathy. J Am Soc Nephrol 21:556–563, 2010
[5] Powell DW, Kenagy DN, Zheng S, Coventry SC, Xu J, Cai L, Carlson
EC, Epstein PN: Associations between structural and functional
changes to the kidney in diabetic humans and mice. Life Sci
93:257–264, 2013
[6] Diabetes and chronic kidney diseases. Available at: http://www.
kidney.org/atoz/pdf/diabetes.pdf [Date accessed: 26 December 2013]
[7] The Diabetes Control and Complications Trial Research Group:
The effect of intensive treatment of diabetes on the development
and progression of long-term complications in insulin-dependent
diabetes mellitus. N Engl J Med 329:977–986, 1993
[8] UK Prospective Diabetes Study (UKPDS) Group: Intensive blood-
glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33). Lancet 352:837–853, 1998
Kidney Res Clin Pract 34 (2015) 146–153152[9] Thomas MC, Groop PH, Tryggvason K: Towards understanding the
inherited susceptibility for nephropathy in diabetes. Curr Opin
Nephrol Hypertens 21:195–202, 2012
[10] Berger M, Mönks D, Wanner C, Lindner TH: Diabetic nephropathy:
an inherited disease or just a diabetic complication? Kidney Blood
Press Res 26:143–154, 2003
[11] Ravera M, Re M, Deferrari L, Vettoretti S, Deferrari G: Importance
of blood pressure control in chronic kidney disease. J Am Soc
Nephrol 17:S98–S103, 2006
[12] Chakkarwar VA: Smoking in diabetic nephropathy: sparks in the
fuel tank? World J Diabetes 3:186–195, 2012
[13] Takao T, Matsuyama Y, Yanagisawa H, Kikuchi M, Kawazu S: Visit-
to-visit variability in systolic blood pressure predicts development
and progression of diabetic nephropathy, but not retinopathy,
in patients with type 2 diabetes. J Diabetes Complications
28:185–190, 2014
[14] Toto RD: Treatment of hypertension in chronic kidney disease.
Semin Nephrol 25:435–439, 2005
[15] Bruce MA, Beech BM, Sims M, Brown TN, Wyatt SB, Taylor HA,
Williams DR, Crook E: Social environmental stressors, psycholo-
gical factors, and kidney disease. J Investig Med 57:583–589, 2009
[16] Ha H, Yu MR, Choi YJ, Lee HB: Activation of protein kinase c-delta
and c-epsilon by oxidative stress in early diabetic rat kidney. Am J
Kidney Dis 38:S204–S207, 2001
[17] Vlassara H, Palace MR: Diabetes and advanced glycation end-
products. J Intern Med 251:87–101, 2002
[18] Kulkarni S, O'Farrell I, Erasi M, Kochar MS: Stress and hyperten-
sion. WMJ 97:34–38, 1998
[19] Heraclides A, Chandola T, Witte DR, Brunner EJ: Psychosocial
stress at work doubles the risk of type 2 diabetes in middle-aged
women: evidence from the Whitehall II study. Diabetes Care
32:2230–2235, 2009
[20] Hanson CL, Henggeler SW, Burghen GA: Model of associations
between psychosocial variables and health-outcome measures of
adolescents with IDDM. Diabetes Care 10:752–758, 1987
[21] Brody MJ, Natelson BH, Anderson EA, Folkow B, Levy MN, Obrist
PA, Reis DJ, Rosenman RH, Williams Jr RB: Behavioral mechanisms
in hypertension. Circulation 76:I95–I100, 1987
[22] Cohen S, Herbert TB: Health psychology: psychological factors
and physical disease from the perspective of human psychoneur-
oimmunology. Annu Rev Psychol 47:113–142, 1996
[23] Rod NH, Grønbaek M, Schnohr P, Prescott E, Kristensen TS:
Perceived stress as a risk factor for changes in health behaviour
and cardiac risk proﬁle: a longitudinal study. J Intern Med
266:467–475, 2009
[24] Pollard TM: Physiological consequences of everyday psychosocial
stress. Coll Antropol 21:17–28, 1997
[25] World Health Organization (WHO): Social determinants of health: the
solid facts. In: Wilkinson R, Marmont M, eds. Denmark: WHO, 2003
[26] Marmot M, Wilkinson R: Social Determinants of Health. 2nd
edition Oxford: Oxford University Press; 2005
[27] Mykletun A, Overland S, Aarø LE, Liabø HM, Stewart R: Smoking in
relation to anxiety and depression: evidence from a large popula-
tion survey: the HUNT study. Eur Psychiatry 23:77–84, 2008
[28] Saravanan C, Heidhy I: Psychological problems and psychosocial
predictors of cigarette smoking behavior among undergraduate
students in Malaysia. Asian Pac J Cancer Prev 15:7629–7634, 2014
[29] Surwit RS, van Tilburg MA, Zucker N, McCaskill CC, Parekh P,
Feinglos MN, Edwards CL, Williams P, Lane JD: Stress manage-
ment improves long-term glycemic control in type 2 diabetes.
Diabetes Care 25:30–34, 2002
[30] Zoppini G, Targher G, Chonchol M, Ortalda V, Negri C, Stoico V,
Bonora E: Predictors of estimated GFR decline in patients with
type 2 diabetes and preserved kidney function. Clin J Am Soc
Nephrol 7:401–408, 2012
[31] Lorenzo V, Saracho R, Zamora J, Ruﬁno M, Torres A: Similar renal
decline in diabetic and non-diabetic patients with comparable
levels of albuminuria. Nephrol Dial Transplant 25:835–841, 2010[32] Yokoyama H, Kanno S, Takahashi S, Yamada D, Itoh H, Saito K,
Sone H, Haneda M: Determinants of decline in glomerular
ﬁltration rate in nonproteinuric subjects with or without diabetes
and hypertension. Clin J Am Soc Nephrol 4:1432–1440, 2009
[33] MIDUS, The MIDUS I study (Midlife in the U.S.) was supported by
the John D. and Catherine T. MacArthur Foundation Research
Network on Successful Midlife Development. The MIDUS II
research was supported by a grant from the National Institute
on Aging (P01-AG020166) to conduct a longitudinal follow-up of
the MIDUS I investigation, 2004
[34] Roblin DW: Validation of a neighborhood SES index in a managed
care organization. Med Care 51:e1–e8, 2013
[35] Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D: A more
accurate method to estimate glomerular ﬁltration rate from
serum creatinine: a new prediction equation. Modiﬁcation of Diet
in Renal Disease Study Group. Ann Intern Med 130:461–470, 1999
[36] SAS, Base SAS 9.3. Procedures Guide. Cary, NC: SAS Institute Inc;
2011
[37] Muthén LK, Muthén BO: Mplus User's Guide. 6th edition. Los
Angeles, CA: Muthén & Muthén, 1998–2010
[38] Rifkin DE, Shlipak MG, Katz R, Fried LF, Siscovick D, Chonchol M,
Newman AB, Sarnak MJ: Rapid kidney function decline and
mortality risk in older adults. Arch Intern Med 168:2212–2218,
2008
[39] Matsushita K, Selvin E, Bash LD, Franceschini N, Astor BC,
Coresh J: Change in estimated GFR associates with coronary heart
disease and mortality. J Am Soc Nephrol 20:2617–2624, 2009
[40] The Diabetes Control and Complications Trial Research Group:
The effect of intensive treatment of diabetes on the development
and progression of long-term complications in insulin-dependent
diabetes mellitus. N Engl J Med 329:977–986, 1993
[41] Tsurugano S, Nakao M, Takeuchi T, Nomura K, Yano E: Job stress
strengthens the link between metabolic risk factors and renal
dysfunction in adult men. Tohoku J Exp Med 226:101–108, 2012
[42] Eriksson AK, van den Donk M, Hilding A, Östenson CG: Work
stress, sense of coherence, and risk of type 2 diabetes in a
prospective study of middle-aged Swedish men and women.
Diabetes Care 36:2683–2689, 2013
[43] Mendenhall E, Shivashankar R, Tandon N, Ali MK, Narayan KM,
Prabhakaran D: Stress and diabetes in socioeconomic context: a
qualitative study of urban Indians. Soc Sci Med 75:2522–2529,
2012
[44] Pascoe EA, Smart Richman L: Perceived discrimination and
health: a meta-analytic review. Psychol Bull 135:531–554, 2009
[45] Glassock RJ, Winearls C: Ageing and the glomerular ﬁltration rate:
truths and consequences. Trans Am Clin Climatol Assoc
120:419–428, 2009
[46] Sarnak MJ, Levey AS: Cardiovascular disease and chronic renal
disease: a new paradigm. Am J Kidney Dis 35:S117–S131, 2000
[47] Perkins RM, Bucaloiu ID, Kirchner HL, Ashouian N, Hartle JE,
Yahya T: GFR decline and mortality risk among patients with
chronic kidney disease. Clin J Am Soc Nephrol 6:1879–1886, 2011
[48] Goel G, Perkins BA: Can improved glycemic control slow renal
function decline at all stages of diabetic nephropathy? Semin
Nephrol 32:423–431, 2012
[49] Writing Team for the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications
Research Group: Sustained effect of intensive treatment of type
1 diabetes mellitus on development and progression of diabetic
nephropathy: the Epidemiology of Diabetes Interventions and
Complications (EDIC) study. JAMA 290:2159–2167, 2003
[50] Perkins BA, Ficociello LH, Silva KH, Finkelstein DM, Warram JH,
Krolewski AS: Regression of microalbuminuria in type 1 diabetes.
N Engl J Med 348:2285–2293, 2003
[51] Araki S, Haneda M, Sugimoto T, Isono M, Isshiki K, Kashiwagi A,
Koya D: Factors associated with frequent remission of microalbu-
minuria in patients with type 2 diabetes. Diabetes 54:2983–2987,
2005
Annor et al / Stress and changes in eGFR among adults with DM 153[52] Torén K, Schiöler L, GiangWK, Novak M, Söderberg M, Rosengren A:
A longitudinal general population-based study of job strain and risk
for coronary heart disease and stroke in Swedish men. BMJ Open 4:
e004355, 2014
[53] Shlipak MG, Katz R, Kestenbaum B, Fried LF, Newman AB,
Siscovick DS, Stevens L, Sarnak MJ: Rate of kidney function
decline in older adults: a comparison using creatinine and
cystatin C. Am J Nephrol 30:171–178, 2009
[54] Slama-Chaudhry A, Schaller P, Raetzo MA, Gaspoz JM: Chronic
diseases and integrated health care delivery system: the example
of Kaiser Permanente. Rev Med Suisse 4:2040–2043, 2008
[55] Derose SF, Rutkowski MP, Crooks PW, Shi JM, Wang JQ, Kalantar-
Zadeh K, Kovesdy CP, Levin NW, Jacobsen SJ: Racial differences in
estimated GFR decline, ESRD, and mortality in an integrated
health system. Am J Kidney Dis 62:236–244, 2013
[56] Hsu CY, Lin F, Vittinghoff E, Shlipak MG: Racial differences in the
progression from chronic renal insufﬁciency to end-stage renal
disease in the United States. J Am Soc Nephrol 14:2902–2907, 2003
[57] Ringborg A, Lindgren P, Yin DD, Martinell M, Stålhammar J: Time
to insulin treatment and factors associated with insulin prescrip-
tion in Swedish patients with type 2 diabetes. Diabetes Metab
36:198–203, 2010
[58] Philis-Tsimikas A: Initiating basal insulin therapy in type 2 dia-
betes: practical steps to optimize glycemic control. Am J Med 126:
S21–S27, 2013
[59] Machado-Alba JE, Machado-Duque ME, Moreno-Gutierrez PA:
Time to and factors associated with insulin initiation in patients
with type 2 diabetes mellitus. Diabetes Res Clin Pract 107:332–337,
2015[60] Fontela PC, Winkelmann ER, Ott JN, Uggeri DP: Estimated glo-
merular ﬁltration rate in patients with type 2 diabetes mellitus.
Rev Assoc Med Bras 60:531–537, 2014
[61] Rossing K, Christensen PK, Hovind P, Tarnow L, Rossing P, Parving
HH: Progression of nephropathy in type 2 diabetic patients.
Kidney Int 66:1596–1605, 2004
[62] Nelson RG, Bennett PH, Beck GJ, Tan M, Knowler WC, Mitch WE,
Hirschman GH, Myers BD: Development and progression of renal
disease in Pima Indians with non-insulin-dependent diabetes
mellitus. Diabetic Renal Disease Study Group. N Engl J Med
335:1636–1642, 1996
[63] Brenner BM, Cooper ME: de Zeeuw D, Keane WF, Mitch WE,
Parving HH, Remuzzi G, Snapinn SM, Zhang Z, Shahinfar S,
RENAAL Study Investigators: Effects of losartan on renal and
cardiovascular outcomes in patients with type 2 diabetes and
nephropathy. N Engl J Med 345:861–869, 2001
[64] Jafar TH, Stark PC, Schmid CH, Landa M, Maschio G, de Jong PE, de
Zeeuw D, Shahinfar S, Toto R, Levey AS, AIPRD Study Group:
Progression of chronic kidney disease: the role of blood pressure
control, proteinuria, and angiotensin-converting enzyme inhibi-
tion: a patient-level meta-analysis. Ann Intern Med 139:244–252,
2003
[65] Bollen KA: Structural equations with latent variables. Wiley series
in probability and mathematical statistics Applied probability and
statistics. New York: Wiley, 1989
[66] Kline RB: Principles and Practice of Structural Equation Modeling.
2nd edition. Methodology in the Social Sciences. New York:
Guilford Press, 2005
